elected to it. He removed to Bangor, to take over, not only his future department, but also the duty of host to that part of his former department that was in temporary residence there. He remained in University College, Bangor, until 1948 , and was Dean of Science from 1946 to 1948. He was responsible for the remarkably early and rapid rebuilding and extension of his department after war ended in 1945 . An important reason why his project received its priority of treatment was that he had the plans ready.
While he was at Bangor, Hughes extended his work of the preceding decade on aliphatic reactions. He also incepted a far-reaching line of work on isotope separation. He started yet another line of work on reactions of organic compounds of higher group-IV elements. In addition, he worked on aromatic rearrangements, and, despite the travelling involved, continued collaboration with his former department of University College London, then concentrating on aromatic reactions, after that department returned to London in 1944. In 1948, Hughes was appointed Professor of Chemistry in University College London; and he remained in this post until his death in 1963 . In 1949 he was elected a Fellow of the Royal Society. In 1954 he was made a Fellow of University College London. In 1957 he became Deputy Head, and in 1961 Head of the Department of Chemistry of the College.
Hughes, though country-born, liked living in London, because he liked humanity, and drew great enjoyment from his capacity to understand and to mix with all kinds of people, as he could so easily in London. But he also retained from his rural upbringing an interest in animals, which, as a landless town-dweller, he satisfied by breeding and racing greyhounds for a hobby. This in turn brought to him its own special circle of human acquaintances.
The move to London in 1948 caused no significant break in Hughes's research. About a year was taken to re-establish the work on isotope separation, but that was mainly because a stage had been reached at which the equipment had in any case to be rebuilt on an enlarged scale. Hughes was then concen trating on aromatic reactions, and, to make room for that, he dropped for a few years the line of work, started in Bangor, in the inorganic-organic borderregion of chemistry. But later he restarted it, and also greatly broadened his original field of work on aliphatic reactions.
From the time of his return to University College London, Hughes took a considerable and ever-increasing part in the administration of its large, closely integrated, and technically complicated, department of chemistry. On several occasions from 1950 onwards, he took charge of it as Acting Head for six months or so at a time; and habitually he took so much care of its affairs that, when he was officially made Deputy Head, and again when he acceded to the Headship, the shifts of function were hardly felt in the department.
Hughes had two qualities of special value to his leading position in the department. The first was his personal approach to every human being, an inborn characteristic. The second consisted in the broad chemical sympathies which grew out of his own scientific work. His upbringing as a student in Bangor had determined his career as a physical-organic chemist; and later, as a professor in Bangor, he had developed an enthusiasm for the inorganicorganic border-region, so completing the three-way outlook on chemistry which makes for the effective encouragement of research by a leader in a unified chemical department.
He took only small numbers of research students into direct collaboration, typically three to six, a proportion of them, perhaps two to four, jointly with Ingold. But he spent much time with them, and on their problems. Some of the newer departures, which he thus initiated in collaboration, were published in the name of the student alone, when it was clear that the student could and would develop the work.
In spite of his increasingly heavy responsibilities, Hughes made himself, as before, accessible at any time to students and staff, indeed, to anyone who wanted him. So many did want him, assured as they were of a kindly reception and substantial help, that work requiring continuity of attention became pushed almost entirely into late evenings and weekends.
His understanding, good judgement, and co-operativeness brought him more than his equitable share of extra-departmental work. He was greatly in demand as an examiner in his own and other universities, and by universities and other bodies for serving as an assessor, on boards of selection, and on many other kinds of committee. He held a number of onerous executive offices; and, as a chairman, he acquired a considerable reputation for getting contentious matters settled remarkably quickly and amicably. From 1949 he was Secretary, and from 1961 Chairman of the Advisory Council of the Ramsay Memorial Fellowship Trust. He was Secretary of the Chemical Council, 1953 Council, -1955 In University College, he was Dean of the Faculty of Science, 1959 Science, -1961 In the University of London, he was Chairman of the Board of Studies in Chemistry 1955 Chemistry -1960 , and while in that office he did himself the work ordinarily assigned to a Higher Degrees Sub-committee. He was a Governor of the Northern Polytechnic, 1950-1960. He served on the Council of the Royal Institute of Chemistry, and, over the years, on the Council, and on almost every committee of the Chemical Society. He was its Honorary Secretary from to 1956 , Vice-President from 1956 to 1959 , and chairman of its library committee from 1959 onwards. He accepted editor ship of the series of monographs, Reaction mechanisms in organic chemistry, being published by the Elsevier Publishing Company. He had seen one book through the press, and was dealing with some others in earlier stages of production at the time of his death.
Through all these pressures, and the many attendant difficulties, Hughes retained his characteristic equanimity. He was 'Ted' to everyone, and accepted his name as the mark of affection it was. His health was good, but he was unrealistic in his reluctance to admit that it could ever be less than perfect. He was once found working in Bangor, with what was proved later that day to be a burst appendix, wondering if he was indisposed enough to justify consulting a doctor. He did not relax at all during the outset of his second, and final, serious illness, and in fact relaxed only as strength failed in the last j^2 Biographical Memoirs few weeks of his life, which were spent in University College Hospital, where he died, aged 57, on 30 June 1963.
It had to be decided whether to make chronology or subject-matter the main guide in arranging an account of Hughes's scientific work. The two forms of narrative would differ appreciably, the former belonging more closely to a history of the man, and the latter to one of the field of chemistry to which he contributed. For better or worse, the choice has been to follow a roughly chronological path, but to add, as a means of joining or extending broken threads of subject matter, a classification by subjects of references to the bibliography.
Hughes's work with Watson in Bangor in 1928 -1930 , concerned constitu tional effects on the halogen-independent rate of halogenation of acids and ketones. This was interesting as an entry into a large, and, up to then, not widely explored, field opened by Lapworth's discovery of 1904 that rates of what we now call prototropic change are being measured in such halogenations.
, . . . , When Hughes came to London in 1930, Ingold had been studying the decompositions of quaternary ammonium salts, and had concluded that they comprised a base-promoted bimolecular elimination, analogous to olefin formation from alkyl halides and bases, and a non-base-promoted unimolecular substitution in which an alkyl group, such as methyl, became separated. The only probe then applied had been that of the product composition as a function of structure. Hughes joined in that work, and, by a study of products as a function of concentration, proved that a bimolecular substitution could also be one of the concurrent reactions. With two mechanisms of substitution to be distinguished, it was obvious that the kinetic method had to be applied. Hughes introduced it into these studies, and confirmed thus all the conclusions that had up to then been less directly reached. This work was published in 1933, along with a discussion in which the three recognized mechanisms, nowadays labelled SN2, SN\ , and E 2, and, more tentatively, the comple mentary fourth mechanism, E \, were set down, along with their expected forms of dependence on constitution, but, at that stage, over the field of quaternary ammonium decompositions only.
The next few years were spent mainly in widening this basal position; but a concurrent interest arose in 1933 . Deuterium had been discovered and its separation in quantity had obvious importance for the study of mechanism in organic chemistry. Some months in that year were spent building and operat ing a pilot plant for the electrolytic production of deuterium water. As a by-product of this development work, which was conducted jointly with C. L. Wilson, some short researches, made with intermediate concentrates, on various chemical differences between the isotopes of hydrogen, were published in 1934. Soon afterwards, deuterium water became freely purchasable, and the plant was taken down. Perhaps its most far-reaching consequence was to sharpen Hughes's enthusiasm for isotope separation, and for the chemical use of isotopes, and thus to sow a seed which germinated in his later work on the separation in quantity of oxygen isotopes for mechanistic studies.
In 1935 Hughes definitely recognized the unimolecular mechanism E l in olefin eliminations. In a discussion paper with Ingold, he broadened the study of nucleophilic aliphatic substitution and elimination by showing identities of mechanism in, and thus incorporating into two internally closely bound and interconnected families, many reactions (those of alkylated ammonium, sulphonium, and oxonium ions, alkyl halides, sulphones, esters, etc., with either anions, or electrically neutral bases), which had previously been regarded as belonging to unrelated departments of organic chemistry. Some typical kinetic illustrations were given of the common mechanisms applying throughout these reactions.
It was noted that, notwithstanding the identities of mechanism, differences were to be expected in the variation of rate by any one mechanism with changes of structure, and of solvent, according to the charge-type to which the reactant-pair belonged. There were four charge-types, for the substrate could be positive or neutral, and the reagent negative or neutral, independently. Discussion of the various structural effects on rate by the two substitution mechanisms, SN 2 and S# 1, was a simple application of the theory of electrondisplacement, which was complete at that time, except that the idea of hyperconjugation had not been introduced. It was largely because this idea was missing that the corresponding discussion of structural effects on the elimination mechanisms, E2 and E l, could not be completed in 1935: it was completed later.
Discussion of solvent effects on rate, by each mechanism, and for each charge-type, involved the making of a theory of the kinetic solvent effects which is applicable to all reactions. This was that, because of the kinetic importance of solvation energy, a reaction is strongly accelerated by a more polar solvent if charges are increased, strongly retarded if they are decreased, and weakly retarded if they are held constant but more widely dispersed, on passing from the initial to the transition state of reaction. Many observational illustrations of these principles were subsequently given.
From 1935 onward, Hughes was engaged in elaborating various special characteristics of the several mechanisms, and, at first, the stereochemistry of the substitution mechanisms, S^2 and S# 1. The problem inversion, of when, how, and why it occurred, had been before the world for 40 years, and, despite great efforts, had remained unsolved. The idea now was that the answer depended on the newly recognized duality of mechanism of nucleophilic substitution. In 1935, radiohalogens could be prepared with the aid of radon, available in London in some medical centres, and Hughes, with S. Masterman, took part of their problem of the Walden inversion to B. Topley, who, with J. Weiss and F. Juliusberger, had already constructed radio-counting equipment suitable for following isotopic halogen-exchanges. By comparing the rate of bimolecular racemization of 2-iodo-octane by iodide ions with the rate of the radiometrically followed iodine exchange, they showed that every molecular act of 2 substitution inverted configur ation. Subsequently, other such bimolecular racemizations and exchanges were similarly compared with the same result.
With W. A. Cowdrey and other collaborators, Hughes generalized the principle of inversion in ^-su b stitu tio n s, and also showed that substi tutions normally produce racemization with some concurrent inversion, but that the two-stage nature of the S mechanism allowed suitable neighbouring groups, their position and nucleophilic power being critical, so to hold configuration intermediately that retention of configuration finally resulted. This was the answer, published in 1937, to the problem of the Walden inversion: inversion was so nearly the universal concomitant of substi tution that its existence could be detected (though it still could not be located) only by introducing into the reaction sequence a contrasting substi tution with retention of configuration; and to secure such a substitution involved the satisfying of an exacting set of constitutional and kinetic conditions.
The stereochemical properties of the mechanisms being known, configura tions could now be related by conversions through kinetically controlled, and therefore mechanistically defined, substitutions. A number of relative configurations were thus assigned in 1937, as many more were later, including those of the conventional standards of configuration, serin and glyceraldehyde. The theory that the universal inversion in SN2 substitutions, independ ently of all constitutional and environmental details, was a consequence of the exclusion principle, and not of electrostatics, was advanced in 1937, with some experimental support, and was experimentally well-confirmed later. Hughes lived only just long enough to complete his programme of generalizing these demonstrations over all four charge-types: his last two papers in this field, dealing with two of the charge-types, have to be published post humously.
. . Throughout the 1930s the work on nucleophilic substitution and elimina tion was unpopular. Derogatory references to it, hardly to be called criticisms, appeared in the chemical journals every month. In some countries it was scarcely possible for a distinguished national to get published a paper which openly supported the British 'heresy'. No doubt, resistance should have been expected, for the new work made it inescapably clear that the old order in organic chemistry was changing, the art of the subject diminishing, its science increasing: no longer could one just mix things: sophistication in physical chemistry was the base from which all chemists, including the organic chemist, must start.
There were criticisms properly so-called: many were obviously miscon ceived, and worth replying to only privately; but Hughes, with his Welsh insight into the thoughts of others, picked out the few that deserved a public reply, and set his collaborators to concentrate on them. They were all concerned with the unimolecular mechanisms, and E l-mechanisms involving two steps and a carbonium ion intermediate-in their application to solvolysis, an area in which one loses the simple mechanistic criterion of kinetic form. It was suggested that carbonium ion formation in such conditions was energetically impossible; but solvation energy was here being under estimated. One author noted that the variation of rates and products with the composition of a mixture of solvolyzing solvents should be simply related, if a single reaction-step was involved; and then concluded, from an incomplete experimental examination, which when completed proved the opposite, that only one step was involved in the aqueous-alcoholysis of £-butyl chloride, which was therefore an >$^2 process. Hughes and L. C. Bateman showed that the completed test clearly revealed two steps, the first controlling rate, and the second products, in accordance with the previously assigned SN\ mechanism. Another author maintained over five years in 12 papers that all reactions classified as unimolecular were actually bimolecular. Hughes repeated most of this work, and found that a long series of experimental inexactitudes were responsible for the common conclusion. Anachronistically, a similar sustained opposition to duality of mechanism arose, and was similarly ended, during the 1950s.
In the period 1937-1939, Hughes and Bateman were engaged in two other tasks. First, they produced a direct kinetic test for unimolecular solvolysis, based on the consideration that the reversibility of the first step of that two-step mechanism renders the first-order rate-law only a limiting law, the deviations from which, in the cases experimentally studied, were considerable and quantitatively demonstrated the mechanism. As a by-product of this work, a simplified calculation of electrostatic salt-effects on rates of reactions having non-ionic but dipolar transition states was evolved, which itself had some value for the diagnosis of mechanism.
Hughes and Bateman's second task was to provide diagnostic tests for nonsolvolytic unimolecular substitution. As one test, they established the kinetic character of such reactions, when running alone in the non-reactive solvent, sulphur dioxide. As another, they demonstrated the concurrence, with a common initial step, of non-solvolytic and solvolytic unimolecular substitu tions in a solvolyzing solvent containing an anionic substituting agent. This was a matter of showing that product proportions changed with anion concentration, without any variation of overall rate, and, moreover, changed in a quantitatively calculable way.
When the replies to criticisms and these two further demonstrations were published in 1940, the widespread opposition to the dual-mechanism concept abruptly ceased, and an upsurge of interest, extending throughout the world, in reaction mechanism began. These researches were discontinued in 1939, because Hughes, indeed, all concerned, then had other things to do; but they were taken up again in the 1950s. As to the kinetic demonstration of unimolecular solvolyses, the loop-hole had to be plugged that the effect of adding anions identical with those expelled in substitution, in repressing rate of substitution, all electrostatic salt effects having been allowed for, might have been due to specific salt effects. But it was shown that this was not so !^6
Biographical Memoirs (1952). As to non-solvolytic substitutions, the original work in solvent sulphur dioxide was extended, and was generalized to nitromethane and other solvents (1954, 1957) . > . Hughes concerned himself with one other major problem during the period [1935] [1936] [1937] [1938] [1939] , namely, the mechanism of olefin elimination. Publications of 1936 and 1937 documented the two mechanisms, and 1, and showed their relations to the two mechanisms, S and S^-\ of nucleophilic substitu tion, including the existence of a common first step in concurrent 1 and E \ reactions. The main problems presented by environmental influences, on each mechanism of elimination within each charge-type, were solved, as was described in a paper of 1940. They included effects of solvent changes, which, by affecting the two mechanisms differently, could change mechanism; and some well-known discrepancies in the older literature were thus cleared up. The complementary group of problems concerning constitutional effects on each mechanism of elimination within each charge-type was solved in principle in the same period, as was described in a discussion paper with Ingold of 1941. But the supporting experimental work on this side of the subject was not complete enough to be published, when it was interrupted by the removal to Wales of the Chemistry Department of University College London, in 1939. So completion had to wait; and the work became fully published, in a set of 11 papers, only in 1948. The crux of this problem was what became called the Hofmann-Saytzeff dichotomy. In 1851, Hofmann had noted that decompositions of tetraalkylammonium hydroxides gave mainly ethylene when an ethyl group was present; and an interpretation, given in 1927, of this finding as a polar effect on /3-hydrogen acidity, showed that it could be generalized to a rule of preferential formation of the least alkylated derivative of ethylene. However, in 1875, Saytzeff had noted that base-promoted eliminations from alkyl halides led preferentially to the most alkylated derivative of ethylene; and of this no explanation could be given-until Baker and Nathan had produced the concept of hyperconjugation late in 1935. Then it became clear to Hughes and his colleagues that Saytzeff-type control was due to hyperconjugation between parts of the alkyl group and the developing double bond. But still the paradox remained that, although eliminations were all one family of reactions, Hofmann-type control of products dominated in one area, and Saytzeff-type control in another. In order to deal with this situation, new experimental work was needed.
Hughes established experimentally that the Hofmann-Saytzeff dichotomy applied only to double-bond formation in unsubstituted, initially saturated, alkyl groups. He established also that, within this field, Saytzeff-type control prevailed over all E \ reactions, and over those reactions in which the departing group was non-ionic; and that Hofmann-type control prevailed over those E2 reactions in which the departing group was ionic or zwitterionic. He showed further that Hofmann-type control of products was associated with decreases of reaction rate, according to a theoretically expected pattern; and that Saytzeff-type control of products was accompanied by increases of reaction rate, according to a quite different, theoretically anticipated pattern. Many quantitative details were added.
The whole body of results fitted the theory, already set out in Hughes's paper of 1941, that polarity, controlling the acidity of the /1-proton, and unsaturation, conjugating with the developing double bond, were the ubiquitous controlling factors, either dominating in the presence of intrinsic polarity or actual unsaturation, but the two combining with a variable net effect in unsubstituted, saturated alkyl groups. These have only induced polarity, derived from the departing group, and only latent unsaturation, awakened through hyperconjugation with the real unsaturation developed in the mechanism; wherefore the departing group and the mechanism jointly determine how simple alkyl groups behave. It could be understood that the variation with mechanism, and with the structural sources of the polarity and unsaturation from which the simple alkyl groups borrow these properties, on the orientational and kinetic effects of such groups, would account for the pattern assumed by the apparent dichotomy.
When Hughes went to Bangor in 1943, he took with him I. Dostrovsky, and he was soon joined by D. R. Llewellyn. The three men had between them all the qualities needed to fulfil Hughes's ambition to separate oxygen isotopes in quantity by the distillation of water. A column-packing was developed; and Hughes then organized a Caernarvonshire cottage industry for the production by hand of the millions of tiny units required. Later, Dostrovsky and Llewellyn, aided by that ingenious laboratory mechanic, the late 'Tommy' Jacobs, designed and constructed a machine which did the job more quickly. The course and extent of isotope separation under various conditions of reflux were studied intensively. Eventually, Dostrovsky went to Rehovoth, Israel, to set up bigger and better isotopic-separation plants; and Llewellyn, with the Bangor pilot plant, followed Hughes, when Hughes returned to London in 1948. The new 60-foot column, erected by Llewellyn with C. A. Bunton, in London in 1949 , could produce water with any concentration (depending on off-take rate) up to 15% of lsO, in quantities fully adequate for all the intended researches.
Most of the research with this lsO-enriched water was conducted by Bunton and Llewellyn, either separately or together. It was on the mechanisms of reactions involving compounds of oxygen-interconversions of carboxylic acids, esters, and anhydrides, interconversions of other oxy-acids with their derivatives, nitrosations, nitrations, oxidations, and transition-metal ligandsubstitutions. Hughes published one paper with Dostrovsky on the separation of isotopes in methanol by distillation, but published nothing in his own name on the study of reactions with an lsO-tracer, not even on carbonylic inter conversions, which he had worked on by other methods earlier, and which had been his own intended first application of the lsO-water. Hughes started so many different things that he could not develop them all, and it was his policy to pass over to collaborators at the outset, any new line of work which he was sure that they would, satisfactorily develop, keeping his own name out of even the first publication on the subject.
Hughes's second new inception in Bangor was his previously planned entry into the organic-inorganic border region of chemistry, through study of substitutions in alkyls of group-IV elements higher than carbon. He started with silicon in collaboration with C. Eaborn, who has greatly developed this and the wider field since. Again Hughes kept his own name out of the initial publication. Some time after his return to London, he made a second start by the use of tin alkyls, in collaboration with R. H. Prince. Again, Hughes handed over the work, which Prince has successfully developed since. Still later, Hughes made a third start, now outside group IV, in the example of substitu tions in mercury alkyls; and this time he stayed with the development.
Hughes's remaining research activities in Bangor can be indicated by saying that, concurrently with the two newly started projects, he continued to develop two former interests. One of these, shared with Dostrovsky, was on the role of steric hindrance in nucleophilic aliphatic substitution, a matter of renewed interest now that so much was known of the steric course of substitu tion, and hence of the geometry of its transition states. Some experimental work had been done on this subject by Dostrovsky and Hughes, and, with some added computational work, it was published in 1946. The subject was extended a decade later; but even at this earlier stage, the principle of a predictable threshold of branching-density, highly dependent on mechanism, for the incursion of steric hindrance to a roughly calculable extent was made clear; and it was shown, by way of example, that the celebrated 'non reactivity' of neopentyl halides (CH3) 3C .C tI2.X, (a) was an exageration, (b) was a property of the bimolecular mechanism, for which it could some what crudely be calculated, and (c) had no application to the unimolecular mechanism, in which quite normal reactivity was demonstrated.
The second of Hughes's continuing interests in Bangor was that on electro philic aromatic substitutions and rearrangements. In this area, his main experimental effort in Bangor was an extension of the last research of his former professor and predecessor in office, the late K. J. P. Orton, on the arylnitroamine rearrangement. Concurrently, Hughes collaborated with Ingold's group in University College London, on the mechanism of aromatic nitration; and he continued doing so all the more effectively after his own return to London in 1948. An announcement of the main findings on the latter subject was made in 1946, and the work was then completed and published in 1950. The work done in Bangor on nitroamine rearrangements was published simultaneously.
In the research on nitration, the first step, taken with R. I. Reed and others, was the development of a kinetic proof that aromatic nitration is almost always the work of an active electrophile, which is formed slowly from a protonated nitric acid molecule (or in some conditions an acyl nitrate) alone, and can therefore be nothing else than the nitronium ion, N 0 2+, an entity here recognized for the first time. The ion was then looked for physically in collaboration with R. J. Gillespie, D. J. Millen, and others; and it was found, cryoscopically and spectroscopically, in nitric acid and in its mixtures with sulphuric and other very strong acids; and spectroscopically in crystalline dinitrogen pentoxide. Then, conjointly with D. R. Goddard, some pure salts of the nitronium ion, including its perchlorate, fluorosulphonate, and bipyrosulphate, were prepared; and D. J. Millen proved spectroscopically that each had the expected ionic constitution.
Two further points are made in the papers of 1950 on aromatic nitration. The first was that an exception to nitration by the nitronium ion may arise with highly reactive aromatic substrates, such as aniline or phenol derivatives, or certain polyalkylated benzenes, when the nitrating medium contains nitrous acid, and when, for the sake of control, the availability of the nitronium ion has been so reduced by some added base, such as water, that nitrous species, not so easily destroyed by bases, are able to nitrosate the adequately reactive aromatic substance, so to give an aromatic nitrosocompound, which the nitric acid at once oxidizes to a nitro-compound. Two nitrosating species active in these conditions were identified in 1952: they were the nitrosonium ion N O +, and the dinitrogen tetroxide molecule. The remaining point in the papers of 1950 was that the rearrangement of phenylnitroamine in strong acids is intramolecular (as Orton had concluded), even when reversible acidolysis of the jV-nitro-group concurrently liberates a nitrating agent.
In 1950 Hughes, with P. B. D. de la Mare and C. A. Vernon, published the first results of some researches, which de la Mare subsequently extended, on chlorination by means of acidified aqueous hypochlorous acid. The reactions were chlorine substitutions in aromatic compounds, such as anisole, and additions to olefin derivatives, such as allyl ethyl ether, to give chlorohydrins. It was shown kinetically that, in the substitutions, and in the additions, attack on the substrate was by an electrophile formed in a rate-controlling process from a protonated hypochlorous acid molecule alone. In conditions chosen to isolate this mode of chlorination from others, and with sufficiently reactive substrates, rate was independent of the concentration and nature of the substrate, and of whether a substitution or an addition was under observation. The only interpretation consistent with the kinetic data appeared to be that the active electrophile was the chlorinium ion, Cl + . Although this idea has since been opposed on energetic arguments, which, however, involve highly uncertain estimates of solvation energy, no other interpretation consistent with all the kinetic findings has yet been offered.
As noted above, the work on aromatic nitration involved a study of the kinetics of aromatic nitrosation. A kinetic study of jV-nitrosation, the rate controlling process in deamination, nitrosamine formation, and diazotization, was now taken up by Hughes, jointly with J . H. Ridd and others, and was developed particularly in the example of diazotization. The first important result, published in 1950, was that, in commonly used conditions involving dilute aqueous acidic media, rate is controlled by the self-dehydration of j 6o
Biographical Memoirs nitrous acid to give dinitrogen trioxide as the effective electrophile. In an extension of the work, published in 1958, it was shown that the nitrosating electrophile in dilute aqueous acid could be, not, indeed, the free nitrosonium ion, N O +, but almost any base-combined form of it, for instance, the protonated nitrous acid molecule, dinitrogen trioxide, a nitrosyl halide, or an acyl nitrite. All these species were shown to be interconvertible in the conditions, in kinetically measurable iS^-type processes, and any of the species could A-nitrosate the arylamine in what was again a kinetically measurable SN2-type process. The analogy between aromatic nitrosation and A-nitrosation suggested that aromatic nitration and A-and O-nitration might proceed by analogous mechanisms, and that, as aromatic nitration was, so A-and O-nitration might be processes of (Sjyl-type, dominated by a single active cation, the free nitronium ion. With E. L. Blackall in 1952, and with R. B. Pearson in 1958, it was shown that the formation of nitroamines from amines, and that of alkyl nitrates from alcohols, by the action of nitric acid have the fully diagnostic kinetic characteristics of attack by the nitronium ion on the nitrogen and oxygen basic centres.
Along with these newer researches, a number of Hughes's earlier interests were further pursued subsequently to his return to London in 1948. Prototropy was one. Its ionic mechanism, labelled SE\'-B, had been throughly established. Its non-ionic mechanism SE2'-B had also been demonstra what involved way. In 1952, Hughes and R. P. Ossorio recorded a concise isotopic demonstration of this mechanism.
Hughes kept up his study of aliphatic nucleophilic substitution in several of its aspects, for instance, with respect to kinetic steric effects. In 1951, with collaborators of his Bangor period, he recorded data on 1 substitutions, which he interpreted in terms of the steric acceleration of their rate-controlling ionizations. In 1955, with de la Mare, and others, he recorded the energy and entropy changes constituting steric retardation in some 2 substitutions, and showed that they could be approximately calculated from known mechanical properties of molecules.
Another aspect of nucleophilic substitution in which Hughes was interested was that of anionotropy, which he regarded, not only in the original manner as a counterpart to prototropy, but also as a derivative form of substitution: it was nucleophilic substitution with rearrangement. In 1948, with A. G. Catchpole, its known ionic mechanism, S^\', was confirmed kinetically. But the complementary non-ionic mechanism, S#2', could not then be found; and a friendly international race to find it thereafter developed, which Hughes won by producing, in 1951 with B. D. England, a completely firm isotopic demonstration and measurement ofit. The rate measurements showed why the mechanism had not previously been found, and how it could now be found, as Hughes did find it subsequently, without the use of isotopes.
A by-product of the work on anionotropy was a rationalization, made jointly with de la Mare and Ingold in 1948, of product-compositions as a function of structure in anionotropy, in prototropy, and in additions to conjugated systems. It was based on structural energy factors, notably energies of conjugation and hyperconjugation, and on the distinction between the kinetic and thermodynamic control of products. As to this, a principle was enunciated, which is applicable to all reactions that proceed through intermediates, namely, that a less activated electronic reorganization, and therefore nearly always less overall activation, is required to interconvert a transient intermediate state with a more energized, than with a less energized, end-state.
Wagner rearrangements, which had been believed by many since 1922 to proceed by a carbonium-ion mechanism, were kinetically shown by Hughes to be unimolecular substitutions and eliminations involving a 1,2-group-shift. He had raised the question in 1946 of whether the 1,2-shift accompanies or succeeds the primary ionization. In 1951, in association with co-workers he had had in Bangor, he produced rate data to show that either situation could arise. When the 1,2-shift and the ionization were concerted in the rate controlling step, large accelerations would be expected; and large accelerations were indeed manifest. The implication was that the formed carbonium ion would then have a 'synartetic' structure with a 'non-classically' 1,2-bridging group, somewhat akin to bridging groups in boron and aluminium compounds. The whole matter of concerted bond-changes leading to non-classical 'synartetic' ions is under widespread discussion at the present time.
Hughes was much concerned with the nature of the modifications pro gressively undergone by ionic mechanisms in general, and by unimolecular substitution in particular, as the polarity of the solvent is progressively diminished. Some of the work at and near the lower end of the solventpolarity range is still to be published, but some results for substitution in sulphur dioxide and in benzene have been recorded. In benzene, the substi tutions of triphenylmethyl chloride with reagents such as tetra-72-butylammonium radiochloride, and the corresponding azide, are independent of the concentration but not of the nature, of the reagent; and in competition, each reagent depresses rate of reaction of the other proportionally to the decreased mole-fraction of the latter and therefore with a change of total rate. In 1957, with S. Patai, Y. Pocker, S. F. Mok, and Ingold, these and other kinetic phenomena were described, and were interpreted on the basis that the longrange of electrostatic forces in solvent benzene renders ions and ion-pairs non-independent at the experimental concentrations, wherefore conventional kinetic theory, including stationary-state theory, does not apply. It was proposed that the aralphyl chloride undergoes activated ionization to form an ion-pair, which at once associates with a reagent ion-pair within whose force-range it was formed, so to give an ionic aggregate of reactants which lasts for some time, until passage over some internal energy barrier allows it to collapse in unimolecular fashion to give products. Reactant concentration does not affect rate, because activated encounter is not the limitation on rate. But both reactants are present when the internal energy barrier is crossed, and so the rate depends on the nature of both. The internal barrier was assumed to be electrostatic, and was particularized as that of a rearrangement of the ionic units of the aggregate against resistances created by their tight electrostatic binding.
Hughes's earlier interest in olefin elimination was pursued m two directions during the 1950s. The first was aimed at defining the stereochemical course of the process. Naturally, it depended on mechanism. A considerable amount of general information existed on the stereoisomeric forms of the olefins produced in various eliminations, but very little of it was both quantitative, and correlated with a pure mechanism, proved so to be by a kinetic investiga tion. Hughes and his collaborators, notably R. Pasternak and J. B. Rose, made up these deficiencies in a series of examples. It appeared that the E\ mechanism does not firmly prescribe a stereochemical course, so that the course actually pursued can vary from case to case according to detailed constitutional influences. On the other hand, as came out clearly in papers of 1953 on base-promoted eliminations from the isomeric benzene hexachlorides and menthyl chlorides, the E2 mechanism leads n elimination from trans, or, in more recent terminology, from antipenplanar positions. One could understand that the electronic interactions, which firmly prescribe inversion in S^-2 substitutions, wo strongly, this type of orientation of E 2e liminations. possible cause of such, illustrated and discussed in the example of a neomentylammonium ion by Hughes and J. Wilby in 1960, was that, whilst trans elimination depends on the near-simultaneity and strong coupling of the concerted bond-changes, the preference for trans-elimination becomes relaxed when the bond-changes, though still concerted, become less exactly synchronous and more weakly coupled; when uncoupling is complete, the stereochemically indifferent, or at least accommodating, E l mechanism results. This idea has recently been considerably developed by other workers.
The second feature of olefin eliminations studied in the 1950s was that of the thresholds for, and forms taken by, steric effects. Following the clarifica tion of stereochemical course in relation to mechanism, and hence of the geometry of the involved transition states, this study of steric effects would in any case have been the logical next step; but added point to it was given by some strongly argued proposals to change the basic theory of the joint control of the rate and direction of elimination by polarity and unsaturation: the first proposal was to replace effects of unsaturation by steric eflects, and, when that idea had to be given up, the substitute proposal was to replace polar effects by steric effects. Hughes, with V. J. Shiner and D. V. Banthorpe, showed, in papers of 1953 and 1960, that, in the E l mechanism, steric effects are of small importance, whilst, in the E2 mechanism they arise only above certain somewhat high thresholds of branching-density, and can then be assessed semi-quantitatively.
Aromatic rearrangements were an old interest. Hughes's work on anionotropy, led to the proposal, made with E. Heller in 1951, with support from observations on kinetics and products, that the arylhydroxylamine rearrangement is an anionotropic change of the protonated substrate, and normally occurs by the SNl ' mechanism.
Hughes's work in Bangor on the arylnitroamine rearrangement was continued in London with C. A. Bunton and S. Brownstein in 1956-1958. There had been an idea that only the predominating ortho-migration of the nitro-group might be intramolecular; but these workers showed by isotopic methods that the migration of the nitro-group to the para-, as well as to the ortho-position, is intramolecular, owing nothing to liberation of the nitrogroup by acidolysis to give a nitrating agent. They suggested that the nitro-group migrates in nitrito-form by one or more steps of 1,3-bridging, with end-for-end inversion at each step.
In 1941, Hughes and Ingold had advanced a speculation that the benzidine rearrangement, the intramolecular character of which was already established, proceeds through transition states having largely electrostatic bonds between their two aromatic moieties, the delocalization thus permitted in the binding within the moieties providing much of the energy. The rearrangement of aromatic hydrazo-compounds to benzidines and semidines was taken up experimentally with D. V. Banthorpe in the later 1950s, as is described in papers of 1962, and others due to appear in 1964. In this work, the one-proton mechanism of rearrangement was demonstrated; and the no-proton, oneproton, and two-proton mechanisms were shown to be independent, though closely related. A number of detailed kinetic characteristics of the mechanisms were established. Also, the rules governing the direction of rearrangement to give the various possible isomeric products were elucidated. These results appear to support in an exclusive way the theory of 1941, to which they also add a good deal of detail.
Hughes had devoted many years to the giving of a scientific form to nucleophilic aliphatic substitution; and as this task approached the stage of filling-in work, in which he was less interested, he developed the ambition to begin the corresponding task of setting out a framework for electrophilic aliphatic substitution. The place of the former family of reactions in 'ordinary' organic chemistry, that is, 'organo-non-metal' chemistry, would, it was assumed, be taken by the latter family in organo-metal chemistry; and, just as halide ions and oxy-anions entered and left neutral substrates in reactions of the former family, so metal cations would come and go in reactions of the latter. Hughes had been feeling his way in this direction, at first using silicon alkyls in Bangor, and later with tin alkyls in London. In the meantime work of a like kind had been established in several parts of the world, and it there fore seemed to Hughes and his colleagues that, in order to win the right to re-enter the field, they had to bring in some new means of progress. With H. C. Charman, a suitably novel and useful means was found in the optical resolution, published in 1958, of the s.-butylmercuric ion, the first example of stable optical activity from a single asymmetric atom bearing a metal. With the aid of this as a tool, once the mechanism of a mercury-displacing j 64
Biographical Memoirs substitution had been kinetically identified, its stereochemical course could be determined.
. Mercury-for-mercury substitutions were therefore studied, kinetically and stereochemically, jointly with F. G. Thorpe, H. Volger, Charman, and Ingold, free use being made of radioactive mercury-203. Three such electrophilic substitutions could be predicted, of which one, the reversible reaction between a mercury-dialkyl and a mercuric salt, now called the two-alkyl mercury exchange, was already well known. The predicted 'three-alkyl and one-alkyl exchanges were demonstrated. Then, the three electrophilic substitutions were kinetically examined. They disclosed the bimolecular mechanism 2, and two different anion-catalyzed mechanisms having cyclic transition states, belonging to the general class labelled SEi. Next, the three mechanisms were stereochemically examined, using radiomercury in conjunction with an optically active s.-butyl mercurial, in the same way as Hughes, Topley, and others had used radio-iodide ion in conjunction with an optically active alkyl iodide in the stereochemical study of nucleophilic substitution 25 years before. But the results were different: all three mechanisms of electrophilic substitu tion proceeded with quantitative retention of configuration. Finally, the geometrical forms of the transition states being now known, a pattern of steric effects, quite different from that applying to nucleophilic substitution, could be predicted; and such a pattern was experimentally illustrated. These results were published in 1959 and 1961. So far, the two-step mechanism > S£1 had remained undiscovered; and therefore the a-mercuric salts of ethyl phenylacetate were examined with R. M. G. Roberts, in the belief that the intermediate carbanion required in this mechanism would be more easily formed from that type of substrate. The reaction of mercury exchange with mercuric salts was found to proceed by mechanisms SE2 and > S £1 in different solvents, and also by an anioncatalyzed modification of the iS^l mechanism, when co-ordinating anions, such as bromide ion, were present. Then the substrate was optically resolved, and a stereochemical investigation of mechanism SEl was undertaken. By the use of the optically active substrate in conjunction with the radioactive substituting agent, it was shown that mechanism iS^l leads to racemization. A report of this work is expected to appear in 1964. In their many discussions on research strategy, Hughes and Ingold had had repeatedly to decide whether to concentrate several approaches on one objective or to deploy; and a marked change can be noticed, away from the former method and towards the latter, during the last decade of the collabora tion. Perhaps Hughes felt by then that he would not have time enough to deal thoroughly with any other great family of reactions, and therefore wanted to see what sort of prospect several others would present. At any rate, it trans pired that, as soon as the work on electrophilic aliphatic substitution had achieved a clear way forward, an investigation in the field of homolytic aliphatic substitution was undertaken. It involved working in the gas phase. One such reaction was already well understood, viz-> gaseous photochemical chlorination, a reaction of long chains, like the hydrogen-chlorine reaction. And so the mechanism of gaseous nitration, about which little of a definitive nature was known, was made the point of entry into the homolytic field.
The first attack was by the probe of product composition in a suitably chosen example. The 'neophyl' radical, CMe2Ph.CH2., was known to re arrange to give products by which its formation as an intermediate could be detected. In order to check the method by means of a reaction of known mechanism, the gaseous photochemical chlorination of ^-butylbenzene was examined with respect to products: chlorination occurred in the side-chain only, and the neophyl rearrangement products were formed. Then the gaseous nitration of the same substrate was similarly examined: nitration in the gas phase occurred only in the side-chain, and again the rearrangement products of the neophyl radical were found.
The next step was a kinetic study, undertaken jointly with T. S. Godfrey. Methane was rapidly nitrated in the nitrogen-diluted gas-phase only when the nitric acid itself was undergoing thermal decomposition. This pyrolysis was confirmed to consist in a rapidly reversed homolysis to nitrogen dioxide and hydroxyl radicals, followed by fast attack of the latter on another nitric acid molecule, to form water and nitrogen dioxide. When methane was introduced, the kinetics of the resulting reaction indicated that methane became nitrated by a reaction of short chains, initiated by hydroxyl radicals, and carried by these and methyl radicals. A minor part of the nitration appeared to be due to a bimolecular reaction between nitric acid and methane molecules; and this second process was found to become relatively more important in the gaseous nitration of homologous alkanes. At the time of his death, Hughes was planning to study the second process carefully, with respect to kinetics and products, after raising it to predominance by the use of a suitable higher alkane.
Let us now stand back from the detail, and attempt a broad assessment of the significance of Hughes's scientific work, performed in the period 1928-1963. It can certainly be said that this work has changed the aspect of organic chemistry, by progressively replacing empiricism by rationality and under standing, to a degree which is now manifest in the terminology and teaching of the subject, and in the research activity all along its advancing frontier. This revolution'of approach has been completed within the span of Hughes's scientific life, essentially because his particular combination of scientific and human insight enabled him, with the colleagues whose loyalty he commanded, not only to provide the required scientific concepts, but also to achieve their general acceptance, even though this task in communications involved a campaign to break through a sustained opposition. But, as the opposition ceased, and the new outlook became adopted increasingly, and particularly rapidly abroad, Hughes did feel, with a deep satisfaction, that the main purpose of his scientific life was being, and would be, fulfilled.
C. K. Ingold Edward David Hughes ! 66
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Classification by subjects of references to the bibliography Prototropy Kinetics of halogenation of ketones and acids. Structural effects on rate by the ionization mechanism SE\ '-B.-1929; 1930; 1931. Analogy with eliminations. Correlation of structural effects on rate in prototropic changes and in eliminations. 1941c. Constitutional effects on equilibria, particularly effects of conjugation and hyperconjugation on three-carbon prototropic equilibria. -1948c. Isotopic confirmation of the non-ionization mechanism 6^2 19526.
Separation of isotopes Separation of deuterium by dissolving metals, and by evaporation of water. Isotopic discrimination in salt hydrates.-1934a, 6 , c, Separation of oxygen isotopes; demonstration that evaporation of methanol separates the isotopes of oxygen and hydroxyl hydrogen, but not those of carbon or methyl hydrogen. -1951 d. Nucleophilic aliphatic substitution Recognition of the known reactions as a single family, with breakdown into four charge-types. Kinetic demonstration of 6 / 1 -6 / 2 dichotomy. Theory of solvent effects in homogeneous reactions, with applications to this family of reactions.-1933a, b, c, g; 1935 c, , g; 19406, c; 1956a; 1959/, 1960c. Isotopic proof of quantitative inversion of configuration in 6 / 2 halogen exchanges. -1935c; 19366; 1938a. Kinetic elucidation of the joint mechanistic and constitutional control of the steric course of substitution, and thus of the conditions for Walden inversion. Use of the rules of steric orientation to determine relative configura tions, including those of the two conventional standards, serin and glyceraldehyde .-1936c?; 1937/, g, h, i j , k ; 1938a; 1941a; 19 1954 d;1960a, b; 1964a, 6 ,c. Confirmation of the 6/1 mechanism of solvolysis, and its distinction from 6/2 solvolysis, by rate-product comparisons.-19386, c; 19436. Confirmation of the 6/1 mechanism of solvolysis by kinetic salt effects. Elucidation of the kinetic nature of the fast step in the 6/1 mechanism . 1940/ k, l, m , n ; 1952g, 6 , i. Solvent effects on rate by each mechanism, and thus on the mechanism used. -1940/ e , f g; 19516. Constitutional (mainly polar) effects on rate by 6/1 and 6/2 mechanisms. -1936a; 19376, c, d, e; 1938c; 19406, 1948a; 1951c, 6; 1952c; 19536. Steric effects: retardation by the 6/2 mechanism. Acceleration in the simple alkyl series by the 6/1 mechanism, but, in the benzyl series, retardation by the 6/1 mechanism. -1941/ 1946a, 6, c, d, e , f g, 6; 1947a, c, d\ 1948/ g; 1951c,/, 6; 1954^; 19556, c, d, c ,/; 19566, c; I960,?. Theory of synartetic acceleration. -1951c, g, h. Non-solvolytic unimolecular substitution in solvent sulphur dioxide.-• 1940o, p; 1954a , b, c. Non-solvolytic unimolecular substitution in solvent nitromethane.-1954 Unimolecular substitutions in solvent benzene. -1957a, b, c, d, e,f. Elimination Duality of mechanism as an interpretative postulate. -1933 e. Recognition of the E l mechanism. Its kinetic demonstration. General conditions of occurrence of the E2 and E l mechanisms.-1935a; 1936a; 1937/, m, n, 0; 1941c; 19487 . Environmental influences on E2 and E l rates, and on the mechanism adopted .-1940a; 1941c; 1948A;, /. Constitutional influences on the rates and directions of elimination by the E2 and E l mechanisms. Analysis of the Hofmann-Saytzeff dichotomy in eliminations from unsubstituted alkyl groups.-1937/, n, 0 ; 1940a; 1941Z>, c, e ; 1948m, n, n, 0, p , q, r, s, t; 1951 A. Steric course of eliminations in typical E2 mechanisms, in off-synchronous E2 mechanisms, and in the E l mechanisms. -1951/z; 1953 ; 1960c, / . Assessment of steric effects in E l and E2 mechanisms.-1953c; 1960c/. Anionotropy Constitutional effects on rate by the unimolecular mechanism, .Sjyl Analogy with non-rearranging substitutions, and anticipation of a bimolecular mechanism of anionotropy SN 2'.-1941 <7. Kinetic confirmation of the SN 1' mechanism.-1946a; 19 Constitutional effects on equilibria, particularly effects of conjugation and hyperconjugation. Contrasting kinetic and thermodynamic control of products, illustrating the general principle that a less activated electronic reorganization is required to interconvert a transient intermediate with a more energized than with a less energized end-state. -1948*/, h; 1951c. Kinetic demonstrations of the bimolecular mechanism S# Constitutional conditions for its dominance.-1951c, j; 1952c; 1958g. Additions Solvent effects on halogen additions. -194 Applications of the principles of the kinetic and thermodynamic control of products in prototropy and anionotropy to rationalize the course of electro philic and nucleophilic additions to conjugated unsaturated systems. -1948c. Demonstration that the addition of halogen acids to isobutene in nitro methane is a specific hydrogen-ion process, consistently with its unimolecular reversal.-1954 f . Electrophilic aromatic nitration Isomer ratios in the nitration of fluorene and of 9-bromofluorene.--1935/ Kinetic demonstration that aromatic nitration is effected by mtronium ion, formed from nitric acid after prior proton uptake, and added to the aromatic molecule with subsequent proton loss. -1946 l; 1949a; 1950 Kinetic demonstration that nitration by dinitrogen pentoxide and by acyl nitrates is effected by nitronium ion formed by their ionization. 1950&, /.
Cryoscopic proof of the quantitative formation of nitronium ion from nitric acid, from dinitrogen pentoxide, and from dinitrogen tetroxide in sulphuric acid, and also from dinitrogen pentoxide in nitric acid. 1946;; 1950m, , o. Preparation of solid nitronium salts, their constitution, and some of their reactions. -1946/;; 1950/?. Electrophilic N-and O-nitration Kinetic demonstration that the conversion by nitric acid of secondary amines to nitroamines and of alcohols to their nitrates is effected by the nitronium ion, exactly as in aromatic nitration. 1952j; 1958f, 1959/2. Electrophilic aromatic nitrosation Kinetic demonstration that the catalysis of aromatic nitration by nitrous acid consists in a rate-controlling aromatic nitrosation followed by an oxidation.-1946m; 1950^, r. Kinetic demonstration that such nitrosation by nitrous acid in the presence of excess of nitric acid proceeds through either or both of two pre-formed agents, the nitrosonium ion and dinitrogen tetroxide.-1952a.
Electrophilic ISi-nitrosation
Kinetic demonstration that aqueous diazotization, and thus indirectly that deamination, at low acidities, proceeds through slow jV-nitrosation, followed by rapid ionizations; that the nitrosation is effected by agents whose forma tion or attack can be rate-controlling, dinitrogen trioxide, nitrosyl halides, and acyl nitrites, or whose attack is always rate-controlling, the nitrous acidium ion; that all these agents are mutually interconvertible through bimolecular nucleophilic substitutions and that nitrosation by all of these agents are bimolecular nucleophilic substitutions. -1941 1950/; 1952/ 1958a, b, c, d, e j . Electrophilic aromatic and olejinic chlorination Chlorination of suitably reactive aromatic and olefinic compounds in acidic aqueous hypochlorous acid at an identical rate, which is proportional to hydrogen-ion and hypochlorous-acid concentrations only, and is concluded to be the rate of formation of the chlorinium ion. Kinetic transitions at lower and higher reactivities ascribed to rate-controlling attack by chlorinium and hypochlorous acidium ions.-1950a, b. Aromatic nitroamine rearrangement Demonstration by means of rates, product compositions, and isotope exchange tests, that jV-nitro-acidolysis is not involved. Proposal that rearrange ment of the protonated nitroamine is intramolecular, and composed of nitro-nitrito 1,2-shifts, and 1,3-migrations of the nitrito-group involving its end-for-end reversal.-1950^; 1952/"; 1956<af; 1958A. Arylhydroxylamine rearrangement Proposal, with support from observations on kinetics and products, that rearrangement of the protonated substrate is anionotropic, commonly by the S^V mechanism.-195If; 1952/.
Benzidine-semidine rearrangements
Proposal that the two aromatic moieties of the protonated substrate are combined in the transition state with largely electrostatic bonds. -1941/; 1950*. Discovery of one-proton catalysis, and establishment of the independence of the one-and two-proton mechanisms, of the exclusively specific-hydrogenion character of both, and of their marked, and very similar, kinetic salt effects, and polar solvent effects. Demonstration, by means of the kinetic effects of aromatic deuterium, that, in both the catalytic mechanisms, the two necessary displacements of aromatic protons succeed the transition state, and are themslves consecutive.-1962<3, b, c, d, * , / g. Demonstration that, in its kinetics and products, the non-catalytic mechanism of rearrangement exhibits strong analogies with the one-proton catalyzed rearrangement; but that, in the non-catalytic process, as shown by the kinetic effects of aromatic deuterium, only the second of the two displace ments of aromatic hydrogen occurs subsequently to the transition state. Demonstration by the non-crossing of products that, like the catalytic mechanisms, the non-catalytic mechanism is intramolecular.-1964/ *.
Rules for the rate and orientation of rearrangement. Rationalization of the kinetic phenomena and of these rules by means of the theory of polar-bonded transition-states. -1964 f.
Electrophilic aliphatic substitution Stable optical activity from a single asymmetric metal-bearing carbon atom. -1958A:.
Edward David Hughes
Classification of mercury-for-mercury substitutions, and of possible electro philic mechanisms. Discovery of three-alkyl and recognition of one-alkyl substitutions. Kinetic demonstration of mechanism Sg2 for two-alkyl, and for three-alkyl substitutions, with proof that both these substitutions quantita tively retain configuration. Kinetic demonstration of mechanisms Sg2 and SEi for one-alkyl substitutions, with proof that both mechanisms quantitative ly retain configuration. Demonstration of some steric effects characteristic of each mechanism. Kinetic demonstration of the carbanion-involving mechan ism, SE 1, with proof that it is totally racemizing. Observation of two-anion catalysis of carbanion formation.-1959a, b; 1961a, 1964g. lyo
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Homolytic aliphatic substitution Demonstration that photo-induced gaseous chlorination of /-butylbenzene leads to aj-chlorination, along with products of the rearrangement of the chain-carrying neophyl radical; and that nitration of the hydrocarbon by nitric acid in diluted vapour leads to m-nitration, along with analogous rearrangement products. Proposal that the aliphatic nitration pursues a radical-chain mechanism, as photo-induced aliphatic chlorination is known to do.-19596?, e. Kinetic demonstration that, in the nitration of methane by dilute nitric acid vapour, hydroxyl radicals generate methyl radicals, which combine at either end of the weakest bond in nitric acid to give nitration and oxidation concurrently.-1965.
Miscellaneous
Metal complexes of 2,2'-biphenyldiol. -1933/. Evidence from dipole moments on the geometrical form of fluorene .-1937a. Illusory nature of the evidence for oxide-ion transfers in liquid sulphur dioxide. -1944. B IB L IO G R A P H Y 1929. (W ith H . B. W a tso n . ) T h e reaction of brom ine w ith aliphatic acids. P a rt I I I . a-an d y-ketonic acids. J . Chem. 1930. (W ith H . B . W a tso n . ) T h e reaction of brom ine w ith aliphatic acids. P a rt IV .
Succinic acids. J . Chem. Soc. p. 1733 Soc. p. . 1931 ) M echanism of substitution a t a satu rated carbon atom . P a rt IX . R ole of the solvent in the first-order hydrolysis of alkyl halides. Chem. Soc. p. 1187 Soc. p. . 1937c . (W ith U . G. S h a p ir o . ) M echanism of substitition a t a satu rated carbon atom . P art X . Hydrolysis of (3-n-octyl brom ide. Chem. Soc. p. 1192 Soc. p. . 1937 Soc. p. 1208 . (W ith C . K . I n g o ld & S. M a ster m a n .) R eaction kinetics an d the W alden inversion. P a rt IV . Action of silver salts in hydroxylic solvents on (3-n-octyl brom ide and a-phenylethyl chloride. Chem. Soc. p. 1236 Soc. p. . 1937 Soc. p. 1280 . (W ith B. J . M cN u l t y .) M echanism of elim ination reactions. P a rt IV . U nim olecular olefin form ation from tert.-amyl halides in acid an d alkaline aqueous solutions, an d some rem arks on the scope of the unim olecular m echanism , jf. Chem. Soc. p. 1283 Soc. p. . 1938a Chem. Soc. p. 840. 
